In many countries, the use of the high-speed rail as the KTX has been generalized of late. Therefore, its customers who initially pursued only convenience and speed have begun pursuing quality services such as comfort and stability. Thus, the importance of reducing the noise in the high-speed rail is increasing. The active noise is best choice to reduce noise because of being able to actively reduce the ambient noise coming from the environmental-factor changes. But it's too hard in a three-dimensional closed-space sound field such as the interior of a high-speed rail. In this study, we used multichannel(2x2) FXLMS algorithm for applying ANC system in KTX. In detail, after measuring the noise inside KTX during its runs in South Korea, multichannel active noise control was simulated to determine the extent to which it can reduce the noise inside KTX. Simulation was done using a multichannel FXLMS algorithm for reducing the actual noise inside KTX and the noise reduction in the open-space section of KTX was compared with that in the tunnel section, and the active-noise-control performances in the low-frequency (below 500 Hz) region were compared.
I. Introduction
KTX, a high-speed (over 300 km/h) rail in South Korea, has been generalized in recent years. With the increase in the number of KTX passengers, the passengers who initially pursued only convenience and speed have begun pursuing quality services such as comfort and stability. A typical way of ensuring the comfort and safety of the KTX passengers is to reduce the noise therein. Passive noise control is mainly being used at present to reduce the noise inside KTX, but the train has structural limitations, and passive noise control cannot block low-frequency noise very well.To overcome these limitations, the active-noise-control technology must be used. Active noise control can be described by two cases in accordance with the applied target. The first is a one-dimensional sound field such as air-conditioning ducts, and the second is a threedimensional closed-space sound field such as the interior of a high-speed rail. The origin of the interior noise of a three-dimensional closed space such as KTX is not clear, and the dynamic characteristics of the noise have not been thoroughly investigated. Thus, to control the interior noise, an algorithm that estimates the coefficient values in real time must be developed, and many control speakers and error microphones are needed to control the noise. So we used multi-channel(2x2) FXLMS ANC system. In this study, the noise path was modeled in the interior of KTX by building a test bed that has a similar structure as KTX. Simulation was done using a multichannel FXLMS algorithm for reducing the actual noise inside KTX, which was measured in this study. The noise reduction in the open-space section of KTX was compared with that in the tunnel section, and the active-noisecontrol performances in the low-frequency (below 500 Hz) region were compared.
II. FXLMS ANC system
In the active-noise-control system, as shown in Fig. 1 , noise signal x(n) does not correspond to control signal y(n) due to the additional path transfer function S(z) existing between error signal e(n) and control signal y(n). Thus, it will result in system instability. The FIR filter can solve this problem by updating a weight vector after the estimation of the secondary path to S (z). This method is called the FXLMS ANC system. Fig. 2 shows the structure of the FXLMS ANC system. In time n, coefficient vector w(n) of adaptive filter W(n) and reference noise x(n) are as follows:
In this formula, L: order of adaptive filter W(n).
Therefore,
Here, ∇ξ (n) = ∇e (n) = 2[∇e(n)]e(n).
Based on equation (1),
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Therefore, ∇ξ (n) = −2x ′ (n)e(n). (7) Equation (7) is assigned from equation (4), and from this, FXLMS's formula can be obtained, as follows:
When actually applying active noise control, secondary path S (z) is estimated because S(z) is unknown. Input vector x ′ (n), which is filtered via secondary-path estimation, is as follows:
x ′ (n) = s "(n) * x(n).
s "(n) is the coefficient vector of S (z).
III. Multi-Channel ANC system
The interior noise of KTX is not distributed at fixed locations but at various locations. Therefore, many control speakers and error microphones are needed to control its interior noise. The multichannel ANC system, which has two control speakers and two error microphones, was used for this purpose in this study, as shown in Fig. 3 .
Figure 3. Multi-Channel ANC System
In Fig. 3 , in time n, the outputs that input the signals that come through the adaptive filter are as follows:
Here,
The input signal estimated via secondary-path estimation is as follows: As new noise signals constantly enter the adaptive filter, updating the weight vector of the filter will facilitate the noise control in real time.
IV. Simulation 1. Three-dimensional sound field modeling in a test-bed P (z)~S (z) modeling was performed to determine the noise transfer paths within the test bed, using an adaptive filter. The noise inside KTX, or its pure tone, was outputted from S 6 , as shown in Fig. 4 , and the inputoutput relation data was acquired using the noise and IO data acquisition equipment connected with microphones M0, M1, and M2. M0 was moved according to the case. It was acquired from S , S in the same way. 
Pure tone modeling
To identify the primary and secondary paths the tonal components of 120, 280, and 360 Hz (below 500 Hz) were performed. The typical results of primary and secondary path modeling for the frequency 120Hz P1~P2, S11~S22 using FIR filter are shown in Fig. 6 and 7 . The filter order was 32, and the modeling transfer function of each path was used if the estimate error decrease was sufficient.
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Simulation using KTX interior noise
Noise measurements were performed in the interior of KTX. The measurement points, as shown in Fig. 8 , were the seat near the door and that facing the door, and the window and aisle sides. To make sure that only the interior noise of KTX would be measured, the measurement was done without passengers and at 30 and 130 cm heights. The train speeds were set from 80 km (low speed) to 280 km (high speed). The noise was measured when KTX passed through two sections, one with tunnels and another as open spaces. Although four simulations were performed (open space, tunnel, window side, and aisle side), only the results of the window-side simulation, where the noise was greater than that in the aisle-side simulation, are presented in this paper. The multichannel active-noise-control system proposed in this paper was applied. As a result, the noise was reduced, as shown in Fig. 9(b) and (c). In Fig. 9(d) and (e), the noise was measured using FFT analysis. Analyses shows that an average noise reduction index of 43.3 dB was obtained.
(a) Interior noise of KTX in the open space section (b) Err mic 1 (c) Err mic 2 (c) Err mic 1 FFT analysis (d) Err mic 2 FFT analysis Figure 9. Results of the simulation of KTX's interior noise in the open-space section
(window side). Fig. 10(a) shows the noise measured in the tunnel section, at the window side and in the seat facing to the door, measured at 130-170 km/h speed and at the height of 130 cm. Likewise, the noise was simulated by applying the proposed multichannel active-noise-control system, as in Fig. 9 . Analyses shows that an average noise reduction index of 21.8 dB was obtained. In the results of the simulation of KTX's interior noise in the open-space section, the noise in the 120Hz model was reduced by 38.4 dB. The 280 and 360Hz models showed average noise reductions of 22.8 and 5.5 dB, respectively. Overall, the noise measured at the window side showed greater reduction (about 4.0 dB) than the noise measured at the aisle side. The 120Hz model was expected to show the greatest noise reduction index in the open-space section. In the results of the simulation of KTX's interior noise in the tunnel section, the noise in the 120Hz model was reduced by an average of 23.1 dB. The 280 and 360Hz models showed average noise reductions of 20.9 and 7.4 dB, respectively. In these cases, overall, the noise measured at the window side was worse than that measured at the aisle side, in contrast to the previous case (openspace section). There was almost no difference between the average reduction index, but the 120Hz model was expected to show the biggest noise reduction in the open-space section.
In conclusion, it was confirmed in this study that KTX had better noise reduction in the open-space section than in the tunnel section, and that in both cases, the 120Hz model was superior.
V. CONCLUSION
In this paper, the noise during the running of KTX was measured, and simulations of ANC were performed using a multichannel active-noise-control system. The active-noise-control simulations that were performed yielded a total of 12 measured data, and only four noise data (130 cm; open-space section: window and aisle sides; tunnel section: window and aisle sides) were used in this research to characterize the low-frequency ( 120, 280, and 360 Hz) noise reduction index and to compare the noise reduction index in the open-space section with that in the tunnel section. The degree of noise reduction was calculated using FFT analysis of the simulation results. Fistly, the average noise reduction index in the open-space section was 24.3 dB while that in the tunnel section was 17.3 dB. The open-space section results showed 7.0 dB greater noise reduction than the tunnel section. Secondly, the average noise reduction in the 120, 280, and 360Hz models were 25.0, 23.4, and 13.8 dB, respectively. Those in the 120 and 280Hz models were similar, but the 120Hz model showed slightly better results. To summarize, the open-space section showed greater noise reduction than the tunnel section, and the 120Hz model showed the best reduction performance. Broadband noise in KTX is too difficult to simulate via modeling because it includes the frequency of various characteristics. It also has a number of problems, such as increase in filter order and divergence. In the future, by overcoming these problems, KTX's interior noise can be better modeled. The validity of the simulation will be verified using field test at a test bed that is similar to the KTX environment.
